The objective of this study was to evaluate the technological level and productive performance of the milk producing units of the municipality of Rondon do Pará in the state of Pará. Data were collected through interviews with questionnaires, conducted at 55 dairy farms, which accounted for 43.3% of the milked cows in the municipality. The factors that characterize the systems of bovine milk production were estimated by means of factorial analysis using 12 variables representative of the production units surveyed. Five factors were extracted: F1 = size of the enterprise; F2 = environment and nutrition; F3 = technical assistance and herd management; F4 = animal health; F5 = schooling. From the scores associated with each factor, the index for productive performance of dairy cattle (DFPI) was calculated. The properties were classified into three levels of productive performance, including two considered to have a high level of DFPI, 16 with intermediate productive performance and 37 considered to have a low level of DFPI. There is a need to adopt technologies that promote the productive performance of dairy cattle in Rondon do Pará, as well as enable adaptation to socio-environmental public policies, with the aim of strengthening sustainable rural production through strategic actions that facilitate an increased technological level in farming systems production.
Introduction
Dairy activity in Brazil's North Region is undergoing intense structural modification, driven by changes in supply chain governance, market requirements, and an increase in the number of dairy enterprises implemented in areas where the informal market once prevailed. Consequently, regional production has grown by 5.5% over the past five years (IBGE, 2015) .
The state of Pará accounts for 30% of the production in the North Region, behind only the state of Rondônia. Production grew from 566,777 thousand liters in 2010 to 567,231 thousand liters in 2015. The state's southeast mesoregion is the most representative, responsible for 71.34% of the total production. The city of Rondon do Pará, which is the target of this study, accounts for 2.4% of the state's total production (IBGE, 2015) .
In the southeast mesoregion of Pará, dairy units (DU) carry out their activities using incipient technologies based on extensive use of natural resources and driven by a proximity to urban centers and dairy industries. The production system is inefficient due to limited technology adoption, lack of herd or facility specialization, poorly managed pastures leading to severe nutritional restriction, inadequate dietary supplementation, small production scale, and low productivity (SANTOS et al., 2014a; DANTAS et al., 2016a,b) .
This requires instruments that enable the implementation of action in collaboration with the DUs, which leads to the development of productive performance. To that end, using methodologies that reflect the dynamics of complex and multidimensional systems by identifying and analyzing variables, indicators, and their interactions, in order to carefully assess their performance and sustainability should favor reaching the expected results (MARTINS et al., 2015) . In the Amazon, studies using this methodological approach have already been developed for dairy cattle breeding in the states of Pará, Rondônia and Tocantins (SANTOS et al., 2014a,b) .
Thus, this study aims to estimate a productive performance index of dairy farming (DFPI) to enable the adoption of technological innovations that promote gains in the productive performance and sustainable development of DUs in the city of Rondon do Pará, state of Pará, Brazil. The results should serve as a reference for sustainable rural development programs, among which is the Green Cities Program. This program was created to aid the municipalities' leaders in tackling deforestation in the Amazon and to strengthen sustainable development (COSTA; FLEURY, 2015) , as well as to optimize land use and contribute to agriculture and livestock production that do not damage the environment.
Materials and Methods
The study was developed in the city of Rondon do Pará (04°46'45" S/48°04'00" W), southeast Pará mesoregion, state of Pará, Brazil, which has Ami climate with mean temperature of 26.35 °C, maximum temperature of 32.01 °C, a minimum temperature of 22.71 °C, and a mean relative humidity of 78%, ranging from 100% to 52% in the rainier and less rainy seasons, respectively.
The data were collected from semi-structured questionnaire-based interviews carried out in 55 dairy properties that collectively represent 43.3% of the cattle herd milked in that municipality in 2014 (IBGE, 2015) . The properties were selected using the snowball technique (BERNARD, 1988; ALEXIADES, 1996) , with the help of technicians from the local office of the Technical Support and The questions were grouped into the following categories: proprietor identification (12 questions), characterization of the production unit and dairy activity (21 questions), machines and equipment (21 questions), facilities and improvements (28 questions), herd health (16 questions), milking practices (28 questions), and herd management (10 questions). The technological variables considered important for the development of the productive performance were synthesized into 14 items and are listed in Table 1 . After the variables were determined, the database underwent factorial analysis (FA), in order to identify the technological factors of dairy farming in Rondon do Pará. All data were stored in LibreOffice spreadsheets and then exported and analyzed in the GNU PSPP version 1.2.0 of the Free Software Foundation (FSF, 2018) .
Factorial analysis
The original variables were examined by the FA used to analyze the structure of interrelations in a set of variables and identify the latent dimensions or factors, which may be expressed by linear combinations of correlated variables (MALHOTRA, 2004; HAIR JUNIOR et al., 2005; BEZERRA, 2007; HÄRDLE; SIMAR, 2007) . In order to verify the adequacy of the FA, Bartlett's test of sphericity and the Kaiser-Meyer-Olkin (KMO) test were employed (MINGOTI, 2005) . The basic FA model can be expressed by the following:
Where: i = 1, 2,..., 55 and j = 1, 2,..., 14; = i U unique factor that specifies the part of total variance that is not associated with the variance of other variables;
= i E term that represents the observation, measurement or specification error of the model.
The factorial scores for each of the DUs studied are estimated based on these factors. The overall expression to estimate the j th factorial score (F j ) is the following:
Where ij w represents the coefficients of the factorial scores and p is the number of variables. An index was estimated based on those factorial scores to hierarchize the DUs in relation to the level of productive performance of dairy farming.
The properties were hierarchized based on the factorial scores, that is, the values of the factors for each of the 55 dairy farms. Thus, the dairy farming productive performance index (DFPI) was estimated by calculating the average of the factors weighed by the proportion of explanation for the total variance associated with each of them (SANTANA, 2007; SANTOS et al., 2014a,b) . DFPI was calculated using the following expression:
Where: i = 1, 2,..., 55 and j = 1, 2, 3, 4, 5. proportion of the variance explained by the j th factor; = ij F P value of the j th standardized factorial score associated with the i th property.
The factorial score was standardized, with the aim of obtaining positive values from the original score and allowing the properties to be hierarchized, since the DFPI must range from 0 to 100. The The DFPI ranged from 0 to 100 and the following criteria were established: DFPI ≥ 80 = High; 50 < DFPI < 80 = Intermediate; DFPI ≤ 50 = Low. This reveals the direct relation between the DFPI value and the productive performance level and indicates that the closer the DU is to 100, the better the productive performance of the city's dairy farming, which can serve as a model for the development of the activity (SANTOS et al., 2014a) .
Results and Discussion
Applying the factorial application enabled the extraction of five factors with characteristic roots above 1 that explained 75.38% of the data variance. Bartlett's test was significant at the 1% probability level, rejecting the null hypothesis that the correlation matrix is an identity matrix. The KMO test yielded a value of 0.612, which indicates the data sample is adequate for the application of the FA (Table 2) . Factor 1 explains the greatest share of the common variance in the data (20.07%) and is positively associated with the variables X 1 , X 2 , X 3 , X 4 , and X 5 , which involve infrastructure, amount of milk produced per day, lactating cows, total cows in the herd, and forage area in the dairy properties of Rondon do Pará. The combination of those variables defined the overall characteristics of the DUs supporting the development of the activity. Therefore, the factor is called "Enterprise size." The variables "forage area" and "amount of milk produced per day" stand out, which drives the properties toward intensifying production in previously deforested areas, in order to contribute to native forest preservation, fertilizer use, and proper pasture management to reduce the need to expand production areas.
The second factor explains 13.87% of the variance and is positively related with variables X 6 and X 7 , which represent the nutritional management and adoption of practices to mitigate environmental impact of dairy farming in Rondon do Pará, respectively. This factor was called "Environment and nutrition." It shows a strong positive correlation between the variables, with changes in feed management possibly leading to gains in the productive performance of dairy activity, such as proper sites for water supply, use of agroindustrial byproducts, intensification of pasture areas, adoption of technologies, such as integrated crop-livestock production that directly impacts animal well-being along with pasture tree coverage, among other measures that strengthen institutional and public policy actions (DANTAS et al., 2016b; .
The third factor explained 13.17% of the data variance and was defined by indicators X 8 , X 9 , and X 10 , which represent the adoption of reproductive management technologies, milking practice, access to credit, training, and technical support, a dimension called "Technical support and herd management." The association of those indicators is justified, as they represent technologies that directly impact the productivity of the DUs and are jointly applied in dairy systems. This factor stands out particularly in regard to credit availability, training, and technical support, variables that show the importance of the systemic view of dairy farming and greatly influences other variables. This highlights the significance of rural credit programs and technical support for the productive performance and modernization of the activity (SANTOS et al., 2013; SILVA et al., 2017) . In Rondon do Pará, only a small portion of producers benefits from those services.
The fourth factor was called "Animal health." The highlight of this factor is indicator X 11 , which deals with the sanitary management of dairy farms, particularly due to repercussions from actions toward agriculture and livestock defense in the state, started in 2002 with the creation of the Agriculture and Livestock Defense Agency of the State of Pará (Agência de Defesa Agropecuária do Estado do Pará -ADEPARÁ), with priority actions to eradicate foot-and-mouth disease. Such actions made much of the state territory that was free of footand-mouth disease through vaccination in 2007 and had a motivating effect on the adoption of measures for prophylaxis control of several pathologies that could affect the herd (PARÁ, 2016; MAPA, 2016) .
The fifth factor, called "Schooling," which represents the producer's level of schooling, explained 9.81% of the data variance and has a single variable (X 12 ). The highlight is that most producers have only elementary school education, and this profile may negatively impact the adoption of technologies, such as good milking practices, that might enhance the productive performance of dairy farming in Rondon do Pará (DANTAS et al., 2016a; SOARES et al., 2013) .
Based on the scores associated with each factor (F 1 = Enterprise size, F 2 = Technical support and herd management, F 3 =Environment and nutrition, F 4 = Animal health, and F 5 = Schooling), the DFPI could be estimated.
The overall mean DFPI was 39.09%, which shows that most DUs have a low productive performance level, since this index ranges from 0 to 100. By ordering the DFPI values, only two properties were considered to have a high performance level, whereas 16 had an intermediate level and 37 showed low productive performance. Table 3 shows the rate of technology adoption in the dairy farms of Rondon do Pará, based on the 55 properties studied and the averages of technological and productive performance variables grouped into three levels. The two properties with a high (DFPI ≥ 80) productive performance level have superior infrastructure characteristics than the other levels, particularly facilities, such as a milking room and handling corral, and equipment, such as a mechanical milking machine and cooling tank, similar to that reported by Dantas et al. (2016a,b) in research on the same region of the municipality targeted by this study.
Feeding technologies and forage areas are used incipiently, regardless of the DFPI of the dairy farms in Rondon do Pará. Fertilization technologies for pasture recovery are not employed, which leads to a need for broad degraded areas or areas under a degradation process (DIAS-FILHO, 2011). As for feeding, despite differences caused by the time of year, most producers keep animals exclusively in pastures and only 34% complement diet with concentrated supplements or roughage, sugar cane or agro-industry byproducts, usually in the summer, while most producers provide mineral lick mixed with white salt at a 1:1 ratio. Such technologies do not statistically differ in relation to the low productive performance level and may negatively impact herd health by causing, for example, slow development, fertility issues, low carcass yield, and low milk productivity, which harm the economic performance of the system (TOKARNIA et al., 2000) .
The health variable is most regularly adopted among the studied properties, likely due to the implementation of public policies for the control and eradication of diseases, such as foot-andmouth disease, brucellosis, and tuberculosis, by the governmental programs managed by ADEPARÁ (SANTOS et al., 2014a) , which is routine in the sanitary management of the properties. Nevertheless, some practices, such as deworming and drying up the umbilical stump, are used incipiently on the farms.
When the breeding variable is analyzed, the properties classified as having intermediate (51.56%) and high (62,50%) productive performance have the best numbers, which shows the importance of husbandry management for dairy farming, since the adoption of technologies like artificial insemination promotes significant genetic gains in the herd and increases productivity (LOURENÇO JUNIOR; . However, only eight properties employ this practice.
Milking practice adoption did not differ (p < 5%) among the levels. Technologies, such as a milking parlor, mechanized milking, milking management, and cleaning udders, recipients and facilities are adopted incipiently in the production units of Rondon do Pará and directly impact compliance with Normative Instruction 62 of the Ministry of Agriculture, Livestock, and Food Supply (MAPA) (BRASIL, 2011) .
Technical support is a great differential for dairy farming in the city. The farms where productive performance is considered high (DFPI ≥ 80) are assisted by some technicians. However, only two producers have specialized follow-ups, besides attending training courses that bring them closer to new technologies and having access to credit, a major instrument for guiding investments and technology toward the activity (LOURENÇO JUNIOR; SANTOS, 2015).
A statistical difference was found for the environment variable among the DFPI levels (p < 5%). This variable is based on the adoption of mitigating measures, such as maintaining vegetation for water sources, intensifying the use of deforested areas, not using slash-and-burn, and knowing the Brazilian Forest Code. However, the use of such measures is still lacking for an efficient dairy farming practice, which, in the short term, should transition toward more sustainable technological alternatives (MARTINS et al., 2015) .
Schooling, irrespective of the productive performance level, is low. Most producers (56.36%) have incomplete elementary school education, while 9% are illiterate. Borsanelli et al. (2014) report difficulties for milk producers with only an elementary school education in adopting good milking practices. This hampers the technological innovation process for dairy farming in Rondon do Pará.
Nevertheless, the research data indicate two properties with a high productive performance level (DFPI ≥ 80) that, besides having differentiated characteristics for the adoption of infrastructure technology (60.53%), reproductive management (62.50%), and receiving technical support (100%), show important advances toward environment preservation (60%) and better numbers regarding forage areas, milk production, cows in lactation, and productivity (L/cow/day) ( Table 2) . Such units may serve as a reference for enabling the expansion of the productive performance of dairy farming in the city and drive producers toward sustainability principles, as predicted in green-city policies.
No statistical difference was found in the number of cows in the herd (p < 5%). However, the percentage of cows in lactation significantly differs, despite the results indicating that properties classified with a high productive performance level (DFPI ≥ 80) have better figures for this variable (80.00%), close to the recommended level of 83% (MARTINS et al., 2015) . The productivity (L/cows/ day) of the herds studied is not desirable for dairy farms with satisfactory productive performance, although the statistical difference (p < 5%) among the DFPI levels in Rondon do Pará shows that the properties with a high DFPI exhibit the best numbers for this variable (5.9 L/cow/day) and stand out regarding the level of technology adoption in the city. This may indicate a path for the sustainable development of dairy farming in Rondon do Pará, seeking to achieve higher levels of productivity and compatible with that obtained in Rondônia, which is the state in the Northern Region of Brazil with the highest technological level in dairy farming (SANTOS et al., 2011) .
The results based on the DFPI in Rondon do Pará may lay the basis for green-city public policies and facilitate the reaching of the goals set by the program, fight off deforestation, leverage productive performance, and promote sustainable rural production. They will also benefit a simplification of the environmental regularization process of rural properties, enable access to rural credit, suspension of fines applied by environmental organs and conversion into environmental recovery services, time for recovering environmental damage in permanent preservation and legal reserve areas of the property, governmental support with technical support and extension programs, environmental training and education, along with other actions that may optimize land use and contribute to sustainable local development (COSTA; FLEURY, 2015).
Conclusions
Splitting the properties into three levels indicated that only two farms have high productive performance, while 16 have intermediate and 37 have low performance. This shows the deficiencies that limit the productive performance of dairy cattle in Rondon do Pará. Because the activity is developed without technical support and the support of training programs, the facilities are precariously placed, and the milking hygiene practices are incipient. Access to credit is limited and, thus, producers find it difficult to produce sustainably and comply with environmental legislation.
There is a need for investment in infrastructure, technical assistance, and training to adopt technologies that increase the productive performance of the activity. Additionally, access to policies should be made feasible to strengthen and intensify sustainable rural production through strategic actions involving socioeconomic and environmental dimensions.
